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Concanavalia ensiformis agglutinin (ConA) and Ar-
achis hypogaea agglutinin (PNA) binding glycoproteins 
in NP-40 extracts of human epidermis and epidermal 
cell preparations have been investigated by incubation 
of SDS-polyacrylamide gels with 125!-labeled lectins. In 
whole epidermis, 1261-ConA labels numerous glycopro-
teins, of which some appear to be restricted to the more 
differentiated upper layers of the epidermis and thus 
may represent markers of epidermal differentiation. 
These glycoproteins are not expressed by cells cultured 
on collagen. 1251-PNA labels a limited number of com-
ponents, of which the major one is intercellular and/or 
extremely trypsin-sensitive. This material is expressed 
in low amounts after 13 days in culture. 
The human epidermis represents a model of differentiation, 
and the study of human epidermis is of interest at both fun-
damental and applied levels. Much attention is currently being 
given to the molecular changes that occur during the differen-
t iation of epidermal cells. N otably, the expression of the major 
proteinaceous components of epidermis, the kerat ins, by par -
t icular cell layers is apparently related to their posit ion within 
t he ep idermis and thus their degree of differentiation [1 ,2 ]. 
Recently, the staining of whole skin sections with fluorescein -
conjugated lectins has demonstrated that epidermal glycocon-
jugates can also exhibit a diffe rential express ion or accessibility 
to lectins in the di ffe rent layers of the epidermis [3-5]. For 
example, whereas some lectins stain membranes and/or inter -
cellular spaces of a ll cell layers, others stain only suprabasal 
layers [3-5 ]. The potential importance of glycoconjugates in 
t he differentiative process, in interactions of epidermal cells, 
and in t he functional integrity of t he epidermis (6], as well as 
t he abnormal lectin-staining pattern seen in some pathologic 
conditions [4], have stimulated attempts to identify, at the 
biochemical level, those molecules labeled by lectins in situ . 
Recent papers by Brysk and Snider [7,8) have described lectin -
binding glycoproteins of rat epidermis and rat epiderma l cells. 
ln t he present study we compare glycoproteins reacting wit h 
t he lectins ConA a nd PNA in extracts of whole huma n epider-
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Abbreviations: 
ConA: Concanaualia ensi[ormis agglutinin 
EDTA: ethylenediam inetetraacetate 
FCS: feta l calf serum 
HBSS: Hanks' buffered salt solut ion 
Hepes: N-2·hydroxyethylpiperazine-N' -2-ethanesulfonic ac id 
kd: kilodalton 
NEM: N-ethylmaleimide 
NP-40: Nonidet P-40 
PBS: phosphate· buffe red saline 
PMSF: phenylmethylsulfonyl fluoride 
PNA: Arachis hypogaea agglutinin 
SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis 
mis and various preparations of cells derived therefrom. Our 
results are interpreted in terms of the localization of lectin-
binding components a nd t heir variable expression according to 
the degree of differentiation of cells in s itu and in vitro. 
MATERIALS AND METHODS 
Epidermal Cell Cultures 
Human epidermal cell cultures were prepared from breast skin 
removed during plastic surgery. After storage overnight in Hanks' 
solution lacking Ca2+ and Mg""'" (HBSS) and containing antibiotics (400 
l'g/ml streptomycin, 400 units/ml penicillin, ll'g/ml Fungizone), skin 
slices were prepared with a keratome and epidermis was separated from 
dermis by incubation in trypsin (GIBCO, 0.25% in HBSS) for 1 h 30 
min at 37•c. Epidermis was removed with fine forceps and placed in 
HBSS containing 10% fetal calf serum (FCS) . A cell suspension was 
prepared by repeated pipetting and agitation of t he epidermal sheets. 
Also, the epidermal surface of remaining dermis was gent ly scraped 
with curved forceps. Cell suspensions were pooled, filtered through 
cheesecloth, washed once in complete meclium [Dulbecco's modified 
Eagle's medium (GIBCO) containing 10% FCS, 100 units/ml penicillin, 
100 l'g/ml streptomycin , 0.25 l'g/ml Fungizone, nonessential amino 
acids (GIBCO) , and 10 mM Hepes, pH 7.0) and counted. These suspen-
sions were repeatedly composed of basal cells, 17-20% (identified by 
the presence of bullous pemphigoid antigen); cells derived from the 
spinous layer, 72- 75%; and a few granular cells, 2- 5%. Cells were then 
seeded at 2 x 10''/cm2 in culture dishes (Corning) previously coated 
with type I rabbit skin collagen following established methods (9] . 
Cultures were maintained at 37•c in 5% C0 2, and the medium was 
changed every 2 or 3 days. Under these conditions, a confluent layer of 
cells is established within a few days and stratified keratinizing cul tures 
are obtained by 10 days (unpublished electron microscope observa-
tions). 
T issue Extraction 
For biochemical studies of whole epidermis, dermal·epidermal sep· 
aration was achieved by heat t reatment. Cont rol stuclies and published 
works [10] have shown that this technique separates skin essentially 
between the basal cell layer and the underlying dermis. A small pro-
portion of basal cells remained attached to the dermis. 
Pieces of human breast skin (1 X 5 em) were rinsed in phosphate-
buffered saline (PBS) and plunged into EDTA 0.5 M, pH 7.5, at Go·c 
for l min. Skin was cooled in PBS and the epidermis removed. Epider-
mis was subjected to 2 min of homogenization with a polytron at 4•c 
in extraction buffer (0.05 M Tris HCI, pH 7.5, 0.15 M NaCI, 0.5% 
Nonidet P-40, 10 mM EDTA, I mM phenylmethylsulfonyl fluoride 
(PMSF), 5 mM N -ethylmaleimide (NEM), followed by 30 strokes in a 
Teflon/glass homogenizer. After centrifugation (57,000 x g, 15 min), 
the supernate was collected and stored at -7o·c. Typically, 0.4 mg of 
protein was solubilized per square centimeter of epidermis. 
In some experiments, ce lls released from epidermis afte r 90 min of 
trypsinization and mechanical agitation (as described for cultures) were 
extracted as described for epidermis. The remaining nondissociated 
epidermal sheets (corresponcling to stratum corneum and other upper 
cell layers) were also extracted. To prepare cell cultures for SDS-
PAGE, the cell layer was rinsed with PBS and the cells were scraped 
into extraction buffer at 4 ·c. Polytron treatment was not necessary to 
dissociate the cell layers, but after the Tet1on /glass homogenizer, the 
homogenate was briefly sonicated. To determine any possible contri-
bution of the type I collagen used to coat culture plates to the lectin· 
staining profile, coated dishes containing no cells were extracted and 
processed. 
Polyacrylamide Gel Electrophoresis 
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SDS-PAGE was performed on slab gels using the system of Laemmli 
[11] modified by the use of a 5-15% gradient of polyacrylamide. To 
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e n able comparison of differe nt ext racts, volumes containing identical 
amounts of protein (300 pg) were lyophilized, redissolved in 50 1d of 
SDS-sample buffer, and heated to lOO"C for 1.5 min. The NP-40 in 
s uc h volumes did not in terfere with t he resolution of proteins. Afte r 
e lectr o phoresis, gels were stained with Coomassie blue R250, 0.25% in 
rneth anol:acetic acid: H20 (50:7:43) a nd desta ined in methanol:acetic 
a c id:H20 (30:7:43). Apparent molecula r weights were determined by 
refer e n ce to standards (see F ig 1). 
Iodination of Lectins and Labeling of Gels 
A rachis hypogaea (peanu t) agglut inin (PNA) and concanavalin A 
(Co n A) (EY Laborato ries, San Mateo, Cali fo rnia) were iodinated by 
t he method of Burridge [12]. as described by Brysk and Snider [8]. T he 
lectin s were dissolved in buffe r A (0.05 M Tris HCl, pH 7.0, 0. 15 M 
NaCl, 1 mM CaClt, 1 mM MnC12, 0.1% NaN:.), and iodinat ion was 
ca r ried out in the presence of 40 mg/ml a -methyl-D-glucoside (for 
ConA) or D-ga lactose (for P NA) to protect the lectin-binding sites. 
Specific activities of iodinated lectins were typ ically in the range 108-
109 cpm/ mg. Iodinated Jectins wen~ exami ned by SDS-PAGE; single 
radioactive bands corresponding to lectin subun its were resolved in 
both cases. 
Destained polyac rylamide gels were processed as desc ribed by Brysk 
a nd S nider [8]. Afte r equilibration in buffer A (3 changes in 12 h), they 
were incubated with 107 cpm of lectin in 10 ml of buffer A conta ining 
2 rng/ml hemoglobin as carrier. Incubation was for 8 h at room 
temperature wi t h constant , gentle agita tion. Specific ity of lectin bind-
ing was controlled by exposure of some gels to the relevant inhibi to ry 
sugar (at 0.2 M) before and during contact with the (125I]Iectin. After 
labe ling, gels were rinsed in buffe r A fo r 48 h, dried, and exposed to 
Kod a k X-Omat AR film in the presence of an in tensifying screen. 
RESULTS 
Gly coproteins of Whole Epidermis 
As expected, SDS-PAGE revea led t hat t he NP-40 extraction 
buffer effectively solubilizes numerous proteins from whole 
ep ide r m is (Fig l a) . The major proteinaceous components of 
epid e rmis, t he keratins, are not solubilized under these condi -
tions a nd thus do not overload t he gel in t he 67- 40 kd region, 
as is t h e case fo r SDS/ mercaptoethanol-solubilized epidermis. 
After labeling with 1251-ConA, numerous bands were visual-
ized o n t he corresponding autoradiogram (Fig l b). T he relative 
inten s i ty of the bands was not related to t heir protein content. 
In fact, t he most intensely labe led bands were in t he higher 
molecular weight range (>70 kd), where Coomassie staining 
was t h e least intense. This observation is not surprising and 
illustr ates t he va lue of t he technique used here. P roteins pres-
ent in low amounts may not be revealed by Coomassie staining, 
but if t hey a re heavily glycosylated, t hen t hey can be stained 
by specific lectins. 1251-PNA, however, labeled a very limited 
range of components, with most reactivity fa lling within a 
couple of diffuse bands centered around 167 and 190 kd (Fig 
1d) . 
For both lectins, control incubations wi th inhibitory sugars 
verifi e d the specific nature of t he labeling procedure (Fig l c, e). 
Glycoproteins of Epidermal Cells after T rypsinization and in 
Culture 
T h e p rotein (Coomassie blue-stained) composition of whole 
epider m is and preparations of cells are essent ia lly the same 
(F ig 2a -e). Only t he stratum corneum preparation shows no-
table differences, in that p roteins of lower molecular weight 
(<68 kd) are pa rt icularly abundant (Fig 26). 
D iffe rences are much more apparent after labeling of these 
prepar ations wi t h '""I-ConA. Generally, ce lls released from 
epider m is by t rypsinization and mechanical agitation (corre· 
sponding to lower-layer cells) lack several discrete and diffu se 
bands of lower molecular weight that are presen t in t he whole 
epidermis (Fig 2a.' ,e' ). However, these bands are represented 
in t he p reparation of upper-laye r cells t hat remain as a more 
coherent sheet afte r t rypsinization of t he epidermis, and it is 
the h igh er -molecul ar-weight material that is absent or shows 
reduced labeling (Fig 2b',e ' ). Cell s in cul ture for 4 or 13 days 
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Ftc 1. SDS-PAGE of whole epidermal extract (a.) and autoradi-
ograms of lectin-labeled gels. b, 1251-ConA labeled. c ConA control d 
1251-PNA labeled. e. PNA Cont rol. On the left are shown the appar~nt 
molecula r weights and migration posit ions of molecula r weight mark-
ers: . myosm, 200 kd;/:I-galactosidase, 116 kd; phophorylase B , 97 kd; 
bovme serum albumm, 68 kd; ovalbumin , 44 kd: and carbonic anhy-
drase, 29 kd. 
sh~w a p articularly heavy labeling around t he 90- 160 kd ra nge, 
whtch IS not present 111 whole epidermis (fig 2c' ,d') . T hese 
cul tures apparent ly do not reexpress t he lower-molecular-
weight glycoproteins t hat are present in whole epidermis and 
upper-layer cell preparations. 
Control studies showed that none of t he ConA stainin o- could 
be attributed to the type I collagen used as a coatin o- fo r t he 
culture dishes. b 
With 1 ~5 1 -PNA, t he high-molecular-weight material present 
in whole epidermis (Fig 2e") is completely absen t from both 
freshly t rypsinized cells and preparations of stratum corneum 
(Fig 2a",b"), alt hough other minor bands are visible. A small 
amount of material having a similar migration to the high-
molecular-weight component is apparent ly p resent in cul tures 
after 13 days, (Fig 2d"). 
DISCUSSION 
The extraction procedure effectively solubilized a large num-
ber of lectin -reactive glycoproteins from the t issues studied. 
Potent ia lly, both cell surface and nonsurface components were 
ext racted, but since lectin staining on skin sections labels 
mainly surface or intercellular components [4,8], t hese presum -
ably are the major contributors to the labeling seen on gels. 
However it must be emphasized t hat extraction and denatura-
tion during electrophoresis could unmask sugar residues t hat 
are unaccessible to lectins in histologic preparations or release 
glycoproteins from cells that are ordinarily impermeable to 
lectins. Also, whereas glycolipids can cont ribute to lectin stain -
ing of skin sections or whole cells, these glycoconjugates are 
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FIG 2. SDS-PAGE of extracts of (a) 
lower-layer cells released from trypsin-
ized epidermis, (b) upper-layer cells, (c, 
d) cells after 4 and 13 days in cultu re 
respectively, e, whole epidermis; (a ' -e'l 
autoradiogram obtained after 12''1-ConA 
labeling of the same gel; (a" -e") 125J_ 
PNA labeling of a similar gel. Molecular 
weight markers are as described in Fig 1. 
Equal amounts of protein were loaded 
on all lanes of the gels. 
a b c de a' b' c' d' e' a" b" c" d" e" 
not represen ted on ou r gel profiles. Conce rning t he proteins 
extracted from upper cell laye rs, which include t he stratum 
corneum, recent resu lts [13) are in general agreement with ours 
with respect to the preponderance of lower-molecular-weight 
material. The work of Brysk and Snider [7,8] on lectin labeling 
of rat epidermal glycoproteins is difficult to compare directly 
with our present study because of slight differences in t issue 
preparation a nd gel electrophoresis. However, one common 
feature is the multiplicity of bands ma rked by 12''1-ConA. This 
observation is not unexpected, because ConA is capable of 
recognizing the man nose core of numerous N-asparagine-linked 
oligosaccharides [14], which are common features of membrane 
and sec reted glycoproteins. PNA is capable of binding terminal 
o -galactose residues and, with greater affinity, to o-galactose 
{j(1-3) o-N-acetylgalactosamine [15]. The limited number of 
bands labeled by 12"1-PNA in the present study may be due to 
the frequent masking of o-galactose res idues by terminal sialic 
acids. However, attempts to increase labeling by neuraminidase 
or mild acid removal of sialic acids have thus far revealed no 
difference, even t hough PNA-reactive sites have been success-
fu lly exposed on histologic sections by simi lar methods [5]. One 
possible origin for t his observation is that glycolipids are not 
resolved by our electrophoretic technique, and t hese may be 
major contributors to PNA staining seen on sections and whole 
ce lls. Alternatively, ou r conditions of incubation a nd washing 
may on ly permit labeling of the above -mentioned galactose-N-
acetylgalactosamine unit, which is not common on glycopro-
teins. We note that in a study of fibroblast glycoproteins, 
Gordo n and Pena [16) revealed few, predominantly high-mo-
lecula r-weight PNA (+)components; these, however, were ap-
parent on ly after neuraminidase treatment. 
Despite the overall simi larity of the protein composition of 
the different extracts, '2''1-ConA labeling revealed numerous 
differences in glycan structure. Cells in culture have a partic-
ularly abundant expression of glycoproteins between 90 and 
160 kd. This cou ld be due to a modification of glycosylation in 
cu lture or the expression of completely novel glycoproteins. In 
addition, the possible adherence of proteins derived from t he 
cu lture medium must also be taken into consideration. The 
work ofBrysk and Snider [8] has also demonstrated differences 
between ConA labeling of heat-separated epidermis and tryp-
sin-released cells from rat epidermis. 
Because several lower-molecular-weight glycoproteins are 
present both in whole epidermis and in upper-layer cells but 
are absent from cells of the deeper layers (those released most 
easily by agitation of ep idermal sheets), we suggest t hat these 
proteins are characteristic of more differentiated cells and can 
thus be considered as glycoprotein markers of epidermal differ-
entiation . Since upper- and lower-layer cells were both sub-
jected to an identical trypsinization procedure, the observed 
difference should not represent an artifact of trypsinization. 
It will also be noted t hat these lower-molecular-weight pro-
tei ns are not reexpressed in culture. Even though our cells 
slough off from the cu lture dish and present some aspects of 
differentiation, it is well known that complete differentiation 
of keratinocytes (in terms of, for example, t he full expression 
of keratin polypeptides) is rarely seen, except in more complex 
cu lture systems [17]. Thus the nonreappearance of the lower-
molecular-weight proteins in culture is perhaps an indication 
of incomplete differentiation in terms of glycoprotein expres-
sion or modification, even in the older 13-day cultures. 
The absence of material strongly labeled by '"''1-PNA from 
t rypsinized upper and lower layers indicates that these macro-
molecules are derived from the intercellular spaces or are 
membrane-associated but particularly trypsin-sensitive. The 
high appare nt molecular weight, diffuse migration, absence of 
Coomassie blue staining, and relatively high glycosylation sug-
gest that this material is proteoglycan or glycosam inoglycan in 
nature. As such, it probably corresponds to the high-molecular-
weight [3H]glucosamine and asso/- -labeled t rypsin-sensitive 
macromolecules described by King eta! [18] in pig epidermis. 
Our results demonstrate t he resolution, specificity, and ap-
plicability of the technique of detection of glycoproteins on 
SDS gels by reaction with iodinated lectins. 
By using a gross separation of ep idermis into upper and lower 
layers, we have demonstrated a group of glycoproteins that is 
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characteri stic of t he upper more differenti ated layers and which 
may t hus represent markers of epidermal differentiation. Po-
ten t ia lly, the differences we have demonstrated may be related 
to several factors. For example, during t heir differentiation, 
ce lls m ay synthesize glycoproteins bea ring different oligosac· 
charide units t hat vary in their a ffinity for spec ific lectins. 
A lternative ly, t he action of epidermal glycosidases [5] may 
resu lt in t he in situ modification of preex isting oligosaccharides 
during ep iderma l cell differentiation. Work is currently in 
progress to investigate t hese possibi li t ies, as well as to deter· 
mine t he nature, fun ction, and subcellular locali zation of epi-
dermal glycoproteins showing a differentiation dependent dis-
t ribution. 
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niques, D. Schmitt fo r electron mic roscopy, and C. Laquoi for technica l 
ass ista n ce. We a lso t hank M. Alt ha be for typ ing t he manuscript .. 
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